A procedure is described that permits the use of radiotracer methods for examining crown gall tumors in the presence of the initiating agent Agrobacterium tumefaciens. On the basis of sensitivity testing using the disc diffusion technique and the minimum inhibitory concentration procedure and incorporation of radioactive phosphorus into nucleic acids, it was determined that A. tumefacikns was most sensitive to tetracycline, oxytetracycline, and methacycline. It was further demonstrated that nucleic acid synthesis in tumor tissue from four representative plants including tomato (Lycopersicum esculentum L.), Bryophyllum daigremontiana (Hamet and Perrier), pinto beans (Phaseolus vulgaris L.), and carrot (Daucus carota L.) was unaffected by a concentration of tetracycline (50 lAg/ml) which completely inhibited nucleic acid synthesis in the bacterium. On this basis a procedure is described which first eliminates surface contamination and then uses tetracycline to nullify the contribution of A. tumefaciens in radioactive studies using tumors initiated by this bacterium.
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The bacterium, Agrobacterium tumefaciens, is the causative agent for neoplastic outgrowths in a number of plants. These outgrowths, commonly referred to as crown gall tumors, can be propagated in tissue culture in the absence of the bacterium (3) . However, during initiation and growth of the tumor on the parent plant, the bacterium is commonly found intimately associated with the tumor tissue. It is the intimate association of plant and bacterial cells that makes it very difficult to use radiotracer methods to examine, in particular, the initiation process. The bacterium acts as a "contaminant" thus making it very difficult to interpret radioactive profiles obtained from tumors which harbor the bacterium. This study was initiated to find a procedure that would selectively nullify the contribution of any bacterial contaminants associated with crown gall tumors.
MATERIALS AND METHODS
Organisms and Conditions of Culture. Agrobacterium tumefaciens (Smith and Townsend) Conn. was obtained from the American Type Culture Collection (ATCC), Rockville, Md., ATCC no. 23308. The bacterium was routinely cultured with shaking at 27 C on a nutrient medium containing (w/v) 0.8% nutrient broth, 0.1% yeast extract, and 0.5% glucose. Tomatoes (Lycopersicum esculentum L. var. Rutgors), Bryophyllum daigremontiana (Hamet and Perrier), and pinto beans (Phaseolus vulgaris L.) were grown in the greenhouse. Carrots (Daucus carota L.) were purchased locally.
For the initiation of tumor growth a sample from a 48-hr culture of A. tumefaciens, containing 5 The internal bacterial contaminants found in the surfacesterilized tumor tissue were subjected to the following examination procedure. The tumors were gently broken with a loose TenBroeck homogenizer in nutrient medium. The homogenate was plated on agar-solidified nutrient medium and incubated overnight at 27 C. Random samples from the plates were gramstained and assayed for the production of 3-ketolactose from lactose (2) . In addition, random colonies were picked from the plates and inoculated into liquid nutrient medium and incubated overnight. The samples were then tested for tumor-inducing ability by inoculating tomato stems. Estimates of the number of bacteria in the tumors were obtained by serial dilution of the homogenate and plate counts from two dilutions with four plates of each dilution.
Sensitivity to Antibiotics. The disc diffusion method was used to determine the sensitivity of A. tumefaciens to a variety of antibiotics (7) . A. tumefaciens was grown for 48 hr with shaking on nutrient medium at 27 C. Petri plates containing MuellerHinton agar (Difco) were then inoculated with a 1:1000 of the broth culture by the flooding method. Discs containing the antibiotics were then pressed onto the agar surface with sterile forceps, and the plates were incubated overnight at 27 C. After incubation, the zone diameters were measured with a mm ruler. A reading of 6 mm, the size of the disc, indicates no zone of inhibition.
Bacteriostatic and bactericidal activities of the antibiotics were evaluated by the MIC' method (7). Stock solutions of the antibiotics were made in incubation medium consisting of 7.5 mm NaCl, 3 mm sodium citrate, and 1% (w/v) glucose. The stock solutions were filter-sterilized, and 5-ml samples were frozen in sterile tubes. The stock solution was thawed as used, and the excess was discarded. Doubling dilutions of the antibiotics were prepared in incubation medium. One ml of the antibiotic dilution and 1 ml of bacterial inoculum were added to sterile screwcapped tubes (13 x Protocol for Labeling, Extraction, and Characterization of Nucleic Acids. Cultures for incubation containing A. tumefaciens and serial dilutions of the antibiotic were prepared as in the MIC method. At the start of the incubation 2 uCi of sterile carrierfree 32P-orthophosphate was added to each tube. Incubation was at 27 C for 3 hr. The incubation was terminated by swirling the tubes in ice water. Assay of the nucleic acids was carried out on paper discs (14) . Two 50-,ul samples were removed from each culture and deposited on individual discs of Whatman No. 3MM filter paper. One disc, used to assay total nucleic acid, was immediately placed in cold 10% (w/v) trichloroacetic acid. After 30 min in cold, the discs were washed three times with 5% (w/v) trichloroacetic acid and three times with a 1:1 mixture of ether and ethanol. The discs were dried under a heat lamp, placed in scintillation vials with 10 ml of scintillation fluid, and counted to a 5% error in a Beckman LS-133 liquid scintillation spectrometer. The second disc, used to assay DNA, was placed in 1 N NaOH and incubated overnight at 37 C. The NaOH was then removed and replaced with 10% (w/v) trichloroacetic acid, and the discs were placed in cold for 30 min. The discs were washed as described above with 5% (w/v) trichloroacetic acid and ethanol-ether and dried and counted. The radioactivity of the RNA was obtained by subtraction.
Incorporation of 32P-orthophosphate into stem sections of tomato was assayed in the following manner. Stem sections about 40 mm long were cut from 12 cm tall plants. The sections were surface-sterilized, and a section of about 4 mm was cut aseptically from each end where the Ca(CIO)2 had penetrated. The sections were weighed in sterile Petri plates and cut aseptically into 2-to 3-mm sections. The sections were placed in sterile screw-capped test tubes and covered with 2 ml of incubation medium with or without antibiotic. A total of 5 ,uCi of sterile 32P_ orthophosphate was added to each tube. Incubation was for 3 hr at 27 C. After incubation the tubes were placed in ice water, and the tissue was washed three times with cold mm Na3PO4 and once with distilled H20. Total nucleic acids were extracted as I Abbreviations: MIC: minimum inhibition concentration; MBC: minimal bactericidal concentration.
previously described (11) , according to the procedure described by Key and Shannon (8) .
Stem tissue from bryophyllum, primary leaves of pinto bean, carrot, and bacterial-free tumor tissue of tomato and bryophyllum were processed, labeled, and extracted in the same manner as the tomato stem with the following exceptions. Leaves from pinto beans were cut into pieces approximately 2 x 10 mm. Carrots were cut into sections after surface sterilization, and a plug of tissue 6 mm in diameter was removed aseptically from the cambial region with a cork borer. The plug of tissue was then cut into 2-to 3-mm slices. Bacterial-free tumor tissue was cut into pieces about 5 mm in diameter.
Tumor tissue containing A. tumefaciens, to be used for extraction of native nucleic acids, was incubated in the following manner. The tumors were surface-sterilized and aseptically cut into pieces about 5 mm in diameter. About 1 g of tissue was placed in a 20-ml screw cap Erlenmeyer flask with 5 ml of sterile incubation medium with or without 50 ,ug/ml of tetracycline. A total of 100 ,uCi of 32P-orthophosphate was added, and the flasks were incubated, with shaking, at 27 C for a period of 3 hr. At the termination of the incubation, the flasks were placed in ice water, and the tissue was immediately washed three times with 50 ml of cold 50 mm Na3PO4.
A. tumefaciens, to be used for extraction of native nucleic acids, was taken from an overnight culture. Five ml of this culture were incubated, with 50 pCi of 32P-orthophosphate at 37 C for 3 hr with shaking. At the termination of the incubation, the cultures were placed in ice water, centrifuged in cold, and washed three times with 10 ml of cold 50 mm Na3PO4.
Undegraded nucleic acids were extracted from A. tumefaciens and the tumor tissue by the pyrocarbonate-SDS method of Solymosy et al. (13) as previously described (12) . The nucleic acids were fractionated on 2.4% (w/v) polyacrylamide gels according to the method of Loening (10) as previously described (12) . The effect of tetracycline, methacycline, and oxytetracycline on nucleic and synthesis in carrot, bryophyllum, and pinto bean was also examined. Carrot and bryophyllum showed no significant (<5%) inhibition of nucleic acid synthesis at concentrations of up to 100 ,ug/ml of the antibiotics. Pinto bean did show some inhibition of DNA and RNA synthesis at 100 ,ug/ml of oxytetracycline and 50 ,ug/ml methacycline, however, tetracycline had virtually no effect on either DNA or RNA synthesis.
RESULTS
Bacterial-free tumor tissue, isolated from tomato and bryophyllum, was also incubated with tetracycline and oxytetracycline, and the effect on nucleic acid synthesis was assayed. At concentrations up to 100 ,ug/ml of the antibiotics, no significant inhibition of DNA or RNA synthesis was observed.
As a final determination of the effectiveness of the antibiotic tumors were incubated with and without 50 ,g/ml of tetracycline. For each incubation a large, well developed tumor was surfacesterilized, and then aseptically cut in half. Each half was then cut aseptically into pieces about 5 mm in diameter. One-half of the tissue was then placed in 5 ml of incubation medium with antibiotic, and the other half into 5 ml of incubation medium without antibiotic. A total of 100 ,uCi of 32P were added to each, and incubation was for 3 hr at 27 C. At the termination of the incubation, the nucleic acids were extracted and fractionated on polyacrylamide gels. The results for the incubation with tomato tumor appear in Figure 1 , A and B. As a point of reference, the nucleic acids extracted from A. tumefaciens appear in Figure 1C .
It can be observed that in the absence of the antibiotic a distinct shoulder in the radioactive trace (arrow, Fig. 1A ) occurs, associated with the smaller of the two ribosomal RNA components. This corresponds to the unique ribosomal RNA component of A.
tumefaciens (1) that is observed on polyacrylamide gels (Fig. 1C) .
Incubation of the tumors in the presence of tetracycline removed this shoulder from the radioactive profile (arrow, Fig. iB) . To verify that this radioactive profile (Fig. IA) would be representative of bacterial contamination due to A. tumefaciens, the following experiment was conducted. Bacterial-free tumor and A. tumefaciens were labeled separately for a period of 3 hr. After extraction the nucleic acids from each were mixed and run on the same gel. The pattern was identical to that seen in Figure IA . Tumors containing A. tumefaciens from bryophyllum, carrot, and pinto bean also showed the shoulder of counts in the radioactive profile associated with the smaller ribosomal RNA component. This shoulder of counts was in all cases eliminated with 50 ,ig/ml of tetracycline.
DISCUSSION
The results of this investigation demonstrate that it is possible to examine tumor development, using radioactive tracers, without the complications associated with a bacterial contaminant. In the crown gall tumors examined, it appears that once surface contamination is removed, the only contaminating bacteria is A. tumefaciens, the initiating agent. This is not wholly unexpected since it was found that internally the plants are free of contaminating bacteria. The amount of bacterial contamination within the tumors ranged from about 107 to almost 109 bacteria/g fresh weight of tissue. This is well within the range of bacterial contamination which has previously been observed to contribute to nucleic acid labeling patterns on polyacrylamide gels (11) . And It seems reasonable to assume that tetracycline should act in a similar manner in the tumor tissue derived from this normal tissue. This would follow in view of the generalized mode of action of the antibiotic in which it combines with the ribosome to prevent protein synthesis (9) . To check this relationship, bacterial-free tumor tissue was isolated from tomato and bryophyllum tumors. In both bases the effect of tetracycline on the bacterialfree tumors paralleled the effect on the normal tissue.
In view of the information obtained in this study, the following procedure is suggested to eliminate the complications caused by A. tumefaciens in radiotracer studies involving crown gall tumors. Surface contamination is removed from the tumors by a 4-min incubation in 1% (w/v) solution of Ca(CIO)2 followed by three washes with sterile H20. The tissue is then aseptically cut into pieces about 5 mm in diameter and incubated with the isotope in a sterile medium with 50 ug/ml of tetracycline. Although this procedure has direct application only to the tissues examined in this report, it could, with a few checks and modifica- ,ug/ml tetracycline; C: A. tumefaciens.
tions, be applied to other tumors initiated by A. tumefaciens. First, the effectiveness of the surface sterilization could be checked by incubating normal surface-sterilized tissue overnight in sterile incubation medium (surface-sterilized tumor tissue would "leak" A. tumefaciens). The normal tissue should be taken from the same general environment as the tumor tissue is growing. The bacterial population within the tumor could be evaluated quickly by homogenizing the surface-sterilized tumor under aseptic conditions and then conducting the relatively simple test for the production of 3-ketolactose (2) . Finally, the effect of the antibiotic on the plant tissue would have to be evaluated. This could be accomplished by incubating the normal tissue with and without the antibiotic and using a suitable means for measuring growth, i.e. incorporation of a radioisotope. If tetracycline proved to be too harsh a treatment for the plant tissue being tested, there are a number of other antibiotics effective against A. tumefaciens as documented under "Results."
This technique should be especially useful in examining the initiation process and the transition from normal to tumorous tissue. In particular, this technique lends itself to radioactive labeling, using short pulses. It is especially during short labeling periods that bacterial contamination can cause the greatest problem since procaryotic cells tend to accumulate isotope more rapidly than eucaryotic cells. A comparison of radioactive profiles from tumors incubated with and without antibiotic should yield some information on the relationship of the bacterium to the continued development of the tumor. Although this investigation was confined to the incorporation of radioactive tracers into nucleic acids, it should apply equally well to studies involving incorporation of isotopes into other macromolecules.
LITERATURE CITED
